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We present a sample of 171 candidate groups and clusters of galaxies at intermediate redshift over an
area of ≈ 550 sq. degrees at the South Galactic Pole, selected by using optically identied radio sources
from the NRAO VLA Sky Survey as tracers of dense environments. Out of these 171 candidates, 76 have
a counterpart in the literature while 95 of them are previously unknown clusters. This paper presents
the cluster selection technique, based on the search of excesses in the optical surface density of galaxies
near identied radiogalaxies, and the rst spectroscopic results aimed to conrm the presence of a cluster.
Spectroscopy for 11 candidates led to the detection of 9 clusters at redshift in the range 0.13 ÷ 0.3, with
estimated velocity dispersions ranging from values typical of clusters to those of galaxy groups. These results
show that this technique represents a powerful tool for the selection of homogeneous samples of intermediate
redshift clusters over a wide range of richness. catalogs { radio continuum: galaxies { galaxies: clusters:
general { cosmology: observations
A. Zanichelli et al. Radio{Optically Selected Galaxy Clusters. II
Introductionsec:intr
Groups and clusters of galaxies are the largest gravitationally bound, observable structures, and much
can be understood about the global cosmological properties of the universe by studying their properties { such
as their dynamical status and evolution, their morphological content and interactions with the environment.
To this aim, it is of fundamental importance to gather cluster samples representative of dierent dynamical
structures { from groups to rich clusters { in a wide range of redshift and covering large areas of the sky.
Existing wide-area cluster samples based on visual inspection of optical plates (Abell et al. Abell) or
obtained through objective algorithms (EDCC, Lumsden et al. Lumsden; APM, Dalton et al. Dalton94) are
limited to redshift less than 0.2, and suer from the possibility of misclassication due to projection eects
along the line of sight. Even more dicult is the detection of groups of galaxies, due to their low density
contrast with respect to eld galaxy distribution. In the optical band, cluster samples at higher z have
been built over selected areas of few square degrees (Postman et al. Postman; Scodeggio et al. Scodeggio).
Alternatively, the X-ray emission of the hot intracluster medium has been widely used to build distant
cluster samples, but this technique suers from the limited sensitivity of wide-area X-ray surveys and from
the possibility of evolutionary eects (Gioia et al. Gioia; Henry et al. Henry; RDCS, Rosati et al. Rosati).
A dierent approach { complementary to purely optical or X-ray cluster selection methods { is the use
of radiogalaxies as suitable tracers of dense environments. Farano{Riley I and II radio sources have been
shown to inhabit dierent environments at dierent epochs and proved to be ecient tracers of galaxy groups
and clusters (Prestage & Peacock Prestage; Hill & Lilly Hill; Allington{Smith et al. Allington{Smith; Zirbel
Zirbel97). FRI sources are found on average in rich groups or clusters at any redshift, and are associated
with elliptical galaxies, with the most powerful FRI often hosted by a cD or double nucleus galaxy. FRII
radio sources are typically associated with disturbed ellipticals and they avoid rich clusters at low z (Zirbel
Zirbel96).
Since there is no signicant correlation between the radio properties of galaxies within a cluster with
the cluster X-ray luminosity (Feigelson et al. Feigelson; Burns et al. Burns), or richness (Zhao et al. Zhao;
Ledlow & Owen Ledlow), as well as between the properties of group members and the radio characteristics
of the radiogalaxies (Zirbel Zirbel97), radio selection should not impact on the X-ray or optical properties
of the clusters found in this way.
Radiogalaxies can thus be used to study the global properties of galaxy groups and clusters, such as
their morphological content, dynamical status and number density, as well as the eect of the environment
on the radio emission phenomena.
We used the NRAO VLA Sky Survey (NVSS, Condon et al. Condon) publicly available data to build
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a sample of radio-optically selected clusters through optical identications of radio sources and search of
excesses in the surface density of galaxies around these radiogalaxies. The NVSS survey oers indeed an
unprecedented possibility to study a wide-area, homogeneous sample of radio sources down to relatively low
flux levels, together with a positional accuracy suitable for optical identications.
In a previous paper (Zanichelli et al. Zanichelli, hereafter Paper I) we described how we extracted a radio
source catalogue from the NVSS maps and the optical identication procedure that led to the compilation
of a radiogalaxy sample. In this paper we discuss the cluster nding method used for the compilation of
a new sample of candidate groups and clusters of galaxies, and present the rst observational results that
spectroscopically conrmed the presence of a group or cluster for 9 out of the 11 successfully observed
candidates.
This paper is structured as follows: in Sect. sec:data we give a summary of the properties of the radio and
optical data samples used for the cluster search. In Sect. sec:clussel we describe the cluster nding method.
The new sample of candidate clusters is presented in Sect. sec:clussample. Spectroscopic observations of a
subsample of candidate clusters, aimed to obtain an observational conrmation of the presence of a cluster
are presented and discussed in Sects. sec:observations and sec:results.
The datasec:data
In the following two Sects. we recall the properties of the radiogalaxy sample and of the optical galaxy
catalogue that have been used during this search. For more details on the radio source catalogue and the
denition of the radiogalaxy sample, refer to Paper I.
The radiogalaxy samplesec:rgsample
The radio source catalogue has been extracted from 31 maps of the 1.4 GHz NRAO VLA Sky Survey
(Condon et al. Condon) and consists of 13 340 pointlike and 2662 double radio sources down to a flux limit
of 2.5 mJy beam−1 over an area of ≈ 550 sq. degrees at the South Galactic Pole.
Optical identications of NVSS radio sources have been made with galaxies brighter than bJ = 20.0 in
the EDSGC catalogue (Nichol et al. Nichol) using a search radius of 15, i.e. ≈ 3σ positional accuracy for
the faintest sources. The initial sample of optical counterparts consists of 1288 radiogalaxies, 926 of them
having a pointlike radio morphology at the NVSS resolution of 45.
As shown in Table 2 of Paper I, the contamination level due to spurious identications varies according
to the radio morphological classication, ranging from about 16% for the lists of optical counterparts of
pointlike radio sources and \close" radio pairs (separation between components D ≤ 50), to about 28% for
the list of optical counterparts of \wide" radio doubles (50 < D < 100).
In order to obtain a more reliable sample, the radiogalaxy data set used in the search of candidate
clusters has been selected among these optical identications on the basis of radio-optical distance and galaxy
magnitude. The uncertainty in the optical identication sample is indeed the only source of contamination
that can be limited when selecting cluster candidates by looking for excesses in surface galaxy density near
the identied radiogalaxies. Other contamination terms { like the probability of detecting a candidate by
chance coincidence of the radiogalaxy position with an optical density excess, or the possibility that the
optical excess itself is intrinsically spurious, i.e. due to chance superpositions of galaxies along the line of
sight { cannot in fact be reduced unless one knows the redshift distribution of the galaxies.
From the initial sample of optical counterparts we thus selected those radiogalaxies having dr−o ≤ 7.
This constraint introduces a selection eect against faint sources in the radio sample, whose positional
uncertainty is typically ∼ 5.
Furthermore, as our aim is to select candidate clusters at intermediate redshifts, we discarded those
radiogalaxies brighter than magnitude bJ = 17.5. In fact, considering the magnitude { redshift relation
typical of radiogalaxies obtained in the R band by Grue & Vigotti (Grue), and using color indexes for
elliptical galaxies given in Frei & Gunn (Frei), this cut in bJ magnitude corresponds to a redshift lower limit
of z ∼> 0.1.
With these constraints, the nal radiogalaxy sample that has been taken into account for the search of
candidate clusters consists of 661 radiogalaxies, and the mean, expected contamination level due to spurious
optical identications has been lowered to about 10%.
The galaxy cataloguesec:galcatalog
The Edinburgh{Durham Southern Galaxy Catalogue (EDSGC, Nichol et al. Nichol) lists ≈ 1.5 × 106
galaxies over a contiguous area of ∼ 1200 sq. degrees at the South Galactic Pole. About one half of this area
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is currently covered by our radiogalaxy sample and has been considered for the search of cluster candidates.
The EDSGC has been obtained from COSMOS scans of IIIa{J ESO/SERC plates at high galactic
latitude (| bII |≥ 20). The automated star-galaxy separation algorithm used for the EDSGC guarantees a
completeness > 95% and a stellar contamination < 12% down to magnitudes bJ = 20.0.
Magnitudes have been calibrated via CCD sequences, providing a plate-to-plate accuracy of bJ ' 0.1
and an rms plate zero-point oset of 0.05 magnitudes.
The EDSGC incompleteness starts to exceed the 5% only above bJ = 20.5 (Collins et al. Collins92).
When looking for candidate clusters we thus decided to make optical galaxy counts down to the magnitude
limit bJ = 20.5: as the radiogalaxy sample reaches bJ = 20.0, this choice makes it possible to point out also
those regions of high galaxy surface density associated to the optically faintest radio sources in our sample.
Joint radio{optical cluster selectionsec:clussel
The cluster nding method we adopted is based on optical counts of galaxies in cells, followed by a
smoothing of these counts with a Gaussian function and by the denition of a detection threshold for the
selection of signicative excesses in the surface galaxy density. The density peaks that are found near an
optically identied NVSS radio source are included in the cluster sample.
Both to keep in evidence any possible inhomogeneities in optical counts and to make the data handling
easier, we divided the EDSGC galaxies brighter than bJ = 20.5 in 21 adjacent sky maps corresponding to
the 5× 5 central regions of the UKST plates that cover the radio source catalogue area.
The detection threshold is built in terms of the mode and rms of galaxy counts over each of these sky
regions. Despite the possibility of small intra-plate variations in the photometric accuracy of the optical data,
we considered the choice of a \local" threshold for each plate preferable to a \global" one, over the whole
sky region, as the latter choice would introduce in the cluster sample incompleteness eects that depend on
the cluster location in the sky.
The optical count matrix for each 5× 5 sky region has been built by dening a regular grid of 600× 600
cells and by counting galaxies in these cells. The size of each cell has been chosen to be 30× 30, to optimize
the statistics of galaxy counts as well as to point out the presence of structure in the spatial distribution of
galaxies.
Since radiogalaxies tend to reside in dierent environments { from groups of galaxies to rich clusters {
depending on their Farano{Riley morphological classication (Zirbel Zirbel97), a careful choice of the size
for the smoothing function is needed to avoid selection eects in favour of a particular environment. Too
large a size could translate into a lack of detections of distant clusters, whose angular sizes are small. A
small size could resolve a nearby cluster in many substructures thus leading to the spurious detection of
many candidates relative to the actual cluster, or, if the optical surface density excess in each substructure
is less than the selected threshold (see below), could lead to a lack of detections. This last case is the
most likely for clusters at moderate z having irregular morphologies, like the Abell I types (Abell Abell58),
where subclumps in the galaxy distribution are seen. Given the redshift range we expect to cover with our
cluster sample, we decided to adopt, for the smoothing of the optical counts, a circular Gaussian function of
FWHM= 2, which is about half an Abell radius at z = 0.4.
gure* 17truecm Smoothed matrix of the optical counts corresponding to the 5× 5 sky region of the
UKST plate 412. Dierent grey levels correspond to regions of high galaxy density; superimposed contours
are given as 2, 3, ...σgal above mgal. On this plate there are 13 candidate clusters matching the selection
criteria described in Sect. sec:clussel, marked with solid circles. The 44 NVSS radio sources optically identied
in this sky region are marked with diamonds, except for the 2 residing in candidates associated with clusters
known from the literature (A2878 and E536), that are marked with asterisks. Big dashed circles, with radius
equal to one Abell radius, show ACO/Abell clusters on this plate, while the dotted circle marks the cluster
EDCC 536. g1
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